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The invention described herein may be mandactured 
and used by and for the Government of @he United 
States of America for governmental purposes without 
the payment of any royalties theseon OT therefor. 

The present invention relates generally to electromag- 
netic wave measurement techniques, and more partioularly 
to a method and apparatus for de termi~ng the backscat- 
ter and the transmission charact&stics of lange surface 
sarea passiwe reflectors when illuminated by electromag- 
netic energy. 

One type of communications satellite is a passive re- 
flector in orbit around the earth, Typically the reflector 
may take the form of a sphere, and may be implemented 
by inflating a balloon that has been launched into orbit. 
The Echo I and I1 ballons m examples of passive com- 
munication satellites of this type. 

The membrane foming the reflecting .slurface of the 
balloon may take miany forms, ranging from a completely 
occluded metallic surface to an open \mesh like m s t m c -  
tion, and may be fabricated >from numerous materials 
of varying thickness and combinations of plastic mem- 
brane with expandable coverings of metal mesh or wire 
grids. After the inflating gas or  vapor has expanded 
the balloon, the plastic membrane is disintagrated by 
ultraviolet radiation or by chemical means to leave B re- 
flective sphere, which may be in the form of an open- 
mesh or grid stmcture, in earth orbit. It is apparent 
that the surface perturbations and the resulfhg effects on 
the reflection and transmission of incident radio fre- 
quency energy will vary with the particular structure of 
membrane used fio fabricate the balloon. 

It is important to know prior to lzunch, the back- 
scatter and transmission ooefficients for a partiwular re- 
flector confi~guration Qf a given material in terms of 
supface qualities as a function af variables such as fre- 
quency and wave polahation. Because of the size, com- 
flexity and discrete nature of the perturbations of the 
reflecting wrfaces that are $generally used, theoretical 
calculation6 ape complex and extensive. Since the baok- 
scatter area is generally many hundreds or thousands of 
wavelengths of the incident radio frequency energy (bal- 
loon diameters range from 100 to 150 feet for fsqvencies 
of 1-10 gc.), prelaunch tests on a complete balloon 
are expensive, difficult and often impractioal. Further, 
scaling of the (balloon to a smaller diameter, without a 
similar soaling of the mechanical properties of the mem- 
brane, will not produce reliable results. In the ideal 
situation it is desirable to test la relatively stmall sample 
of the selected membrane for radio frequency back- 
scatter and transmission characteristics in such a manner 
to obtain results identical to those ollrtained from similar 
tests performed on  a fully inflated balloon of the same 
material. 

Accarhgly,  it is the object of the present invention 
to provide a simplified method for evaluating the radio 
frequency backscatter of a membsane sample used to form 
the reflecting sunface of an inflatable passive reflector. 

Another objed of the invention is to provide la tiimpli- 
fied method for determining the reflection and trans- 
mission ooefficients of a membrane utilized in forming 
an inflated passive xeflectm having a spherical or other 
applicable geometrical shape. 
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A further object of the invention is to provide aPParatus 
for the measurement af the radio frequency backscatter 
from a sample segment of a large spherical conductive 
surfaw formed from an inflatable membrane. 

Further objects as well as fsatures and attending 
advantages of the invention will become apparent from 
the following description when taken in conjunction 
with the accompanying drawings, in which: 

FIGURE 1 is a schematic representation illustrating 
the method and apparatus utilized in the present inven- 
tion; 

FIGURE 2 is a diagram ilLustr,ating some of the 
underlying concepts of the invention; 

FIGURE 3 is a side view, in partial section, of one 
embodiment of apparatus utilized in carrying out the 
invention; 

FIGURE 4 is a front view of the apparatus of FIGURE 
3; and 

FIGURE 5 is an enlarged view, in section, of a 
portion of the apparatus of FIGURES 3 and 4. 

According to the present invention, in order to deter- 
mine the radio frequency backscatter from a large p s -  
sive reflector farmed 5rom an i d a t &  membrane, a 
sample of the membane encompassing the basic back- 
scatter area of the reflector is mounted on a suitabIe 
frame and subjected to pneumatic pressure to simulate 
the total reflecting surface in terms of surface perturba- 
tions, skin stress, internal pressure, radius of curvature 
and surface contour. The basic backscatter area of the 
membrane sample is illuminated with radio frequency 
energy tram a Iiadar test unit. A suitable transition is pro- 
vided between the membrane sample and its support frame 
so that the mechanical interface preserves or matches 
the balloon contour and provides mechanical control 
of the electrical interface to mlatch the boundary condi- 
tions of current flow and minimize fringing effects. The 
radar test unit may be amanged so that the [backscatter 
may be obtained from the sample membrane for mono- 
static and bistatic angles. The indient wave of radio 
frequency enmgy mlay Ibe linearly or circularly polarized, 
and the sample membrane miay be rotatable about a 
center axis so that the alignment of the ribs forming the 
mesh or g ids  of the reflecting surface may be oriented 
in a given plane of polarization. In addition, by position- 
ing a receiving horn behind the sample membrane trans- 
mission coefficients may be obtained. 

In the following description a partiaular embodiment 
of the invention for determining the backscatter of a 
spherical reflector, such as may be. provided by a balloon 
of the type u t i l b d  for the Echo series communication 
satellites, and where at the diameter of the balloon is 
at least 100 times the wanelength of the radio frequency 
energy, will be discussed in detail. It is to be under- 
stood, however, that the underlying concepts of the in- 
vention are equally applicable to conductive surfaces of 
other shapes, such as cones, convex, biconvex, and bntic- 
d a r  surfaces, and that various oocluded membranes con- 
taining a variety of open mesh or grid-like reflective sur- 
faces may #be utilized. For example, anothed type of 
passive reflector which may be formed from the type 
of materials mentioned and placed into earth orbit has 
a biconwx shape, with the major refiecting surface there- 
of encompassing a selected segment of a sphere. 

With reference now to FIGURE 1, sample membrane 
12 has a spherical center portion 12a, selected and con- 
toured in a manner to be subsequently described, to pro- 
vide a basic backscatter area defined by chordal diameter 
D. Continuous with center portion 12a is intermediate 
portion P2b, also spherically contoured in the same man- 
ner as center portion 12a, and extending radially from 
center portion 112a so that an illumination taper for in- 
cident radio frequency energy in the order of -10 db 
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may be provided as its outer periphery. Continuous with As mentioned above, the basic backscatter area of 12a 
intermediate portion 12b is edge portion 12c, adapted to of sample membrane 12 is a spherical section having 
provide an interface between membrane sample 12 and chordal diameter D. This is equivalent to the chord 
its supporting frame in the manner to be subsequent length of the first Fresnel Zone of a spherical reflective 
described. This interface provides both a controllable 5 surface. With particular reference to FIGURE 2, there 
mechanical and an electrical transition between sample is shown the cross-section of a reflecting spherical surface 
membrane 12 and its support structure that preserves the of radius R, taken through its diameter. 
spherical contour of center portion 120 and intermediate The focal point of receiving antenna 18 is located at 
portion 12b, and eliminates current flow fringing effects point P1, a distance B from the periphery of the sphere. 
at the peripheral edges of sample membrane 12. It is 10 In a practical application both distances are R and B are 
to be understood that in practical application sample much larger than h, the wavelength of the test signal 
membrane 12, including portions 12a, 12b and 12c, is illuminating the sphere. Each Fresnel Zone K1, Kz, K3 
composed of a continuous sheet of the specific material . . . Kn is bounded by spherical shells or radii B, B + h / 4 ,  
under investigation. As mentioned, this material may be B+h/2 . . . B+"h/4. The increments of reflected en- 
a continuous, thin metallic sheet, or a plastic membrane 15 ergy received at P1 from each Fresnel Zone K1, Kz, K3 
of material such as mylar having an open mesh o r  grid- . . . K, decreases as B increases. The total reflected 
like metallic structur eimbedded therein. energy Up received at point P1 is expressed by: 

Center portion 12a of sample membrane 12 is illu- 

unit 14. Typically, but not limiting, radar test unit 14 20 
is a CW frequency varying system, and includes trans- 
mitter 15, transmitting antenna 16, receiver 17 and receiv- 
ing antenna 18. Alternately, a pulse radar or other types 
of CW radar may be utilized, and a single antenna sys- 
tem, with suitable duplexing or transmit-receive and 25 where It 

background nulling arrangements, may be utilized. By For a full sphere the energy reflected by Fresnel Zone 
employing separate transmitting and receiving antennas, K, approaches zero, and this condition is closely approxi- 
each independently moveable on tracks through an arc in- mated by providing an interface between the sample 
dicated by dotted line 19, it is possible to make both membrane 12 and its support structure that matches the 
monostatic (transmit and receive at the same location) 30 boundary con,ditions of current flow for a sphere. In the 
and bistatic (transmit and receive at different locations) summation of all increments of energy received at pl, 
backscatter determinations. Thus, as illustrated, mono- the contribution of Fresnel Zone K1 remains and alter- 
static measurements may be obtained by positioning both nate oontributions of Fresnel Zone K&,-, cancel. & 
the transmitting and receiving antennas at the Same effec- a result, Fresnel Zone K1 provides a basic backscatter 
tive location (represented by antenna 16 in FIGURE 1) 35 area that approximates, to a high degree, the total reflec- 
and bistatic measurements may be made by Positioning tion from a spherical surface. This basic backscatter 
the tranSmitting antenna at a first Point along the arc area, in turn, may be obtained by taking a chorded d i m -  
indicated by dotted line 19 and by positioning the receiv- eter of the reflective spherical surface such &at 
ing antenna at a second point along this arc. 

monostatic and bistatic determinations (encompassing in accordance with the well known ~~~~~~l zone 
basic backscatter area 12a) is outlined by dashed lines tionships. 
21. A representative bistatic angle (typically 30. degrees) In implementing the above method, sample membrane 
is illustrated by dashed lines 22. Transmitting antenna 12 is attached to a ring to cover one major surface there- 
16 may be a horn, Parabolic dish O r  array suaciently 45 of. The other major surface of the ring is also enclosed 
directive so that the edges of sample membrane 12, at to provide an air chamber. The air chamber, in turn, is 
the outer Periphery of intermediate Portion lzb, are subjected to controlled pneumatic pressure so that sample 
underilluminated with respect to center portion 12U. membrane 12 is contoured to simulate a segment of a 
Typically, this underillumination may be in the Order of sphere, encompassing the basic backscatter area discussed 
- 10 db. 50 above. The ring is also provided with an annular exten- 

sion having a variable, flexible surface to  produce a radio 
membrane 12 contains an open mesh Or gid-like strut- frequency transition of calculated geometric shape be- 
ture, the ribs forming the mesh or grid may not be regl1lar tween the membrane and the ring that minimizes edge re- 
Or symmetrical, m d  accordiWlY the backscatter and flections or current flow fringing effects, and to produce a 
transmission coefficients may vary with respect to the 55 mechanical transition between the membrane and the ring 
orientation Of the ribs in a given plane Of polarization. that minimizes mechanical biasing of the basic backscat- 
Thus, the wave from radar test unit 14 may be circularly ter area. 
polarized or linearly polarized, with sample membrane With particular reference to FIGURES 3 and 4, ring 
12 rotatable around an axis 23 normal to the center of 30 is supported by three arms 36, forming a tripod having 
central Portion 1% as indicated This 60 its base 31 mounted on turntable 38. Base 31 is rotatably 
allows the ribs and metallic cross members forming the mounted on turntable 38 so that, as illustrated by arrow 
mesh O r  grid Structure of sample I2 to be 24, sample membrane 12 may be rotated about an axis 23 
oriented in a given plane when illuminated with a finearly that is normal to the center of central portion 12a. AS 
polarized wave. mentioned, this allows the ribs or cross members forming 

There may also be included in radar unit 14 a back- 65 the mesh or grid-like reflective surface of sample mem- 
ground cancellation circuit including OOUpler 25, attenua- brane 12 to be oriented in a given plane when illuminated 
tor 26, phase shifter 27, and Power divider 28. BY this with a linearly polarized wave. The outer periphery of 
arrangement it is possible to couple energy Of Proper ring 30 is provided with a channel-shaped member or rim 
phase and amplitude from transmitter 15 to rgeiver 17 32. Pneumatic tubing 34 is mounted on rim 32. Pneu- 
in a manner that will effectively cancel backscatter and 70 matic tubing 34 is constructed of a flexible material such 
background returns obtained from the supporting frame as rubber or plastic, is air tight, and contains a simple 
and the associated mounting structure. Accordingly, valve (not shown) so that it may be inflated to a desired 
receiver 17 may be set at a reference level that conipen- pressure. 
sates for backscatter from other sources than from Shaft 39 rotatably supports turntable 38 from pedestal 
sample membrane 12. 75 41 so that sample membrane 12 and its support structure. 

KI Kn minated with radio frequency energy from radar test U"=T -+T 
where n is odd, and 

u - 5  ri. 
p - 2 - 2  

even 

The area of sample membrane 12 illuminated for both 4.0 D=~'R 

In instances where the reflective surface of 

arrow 24. 



5 
are rotatable in azimuth. Turntable 38 is also rotatable 
about shaft 43 in elevation. Turntable 38 and pedestal 
41, as well as the rotatable support for base 31 and ar- 
rangements for elevation and azimuth rotation thereof, 
may be any typical radar antenna mount, as, for example, 
mounts of the type provided for search and height finding 
radar. In structural detail such mounts form no part of 
the invention. It is only necessary that such mounts pro- 
vide rotatable support for the tripod, including arms 36 
and base 31, supporting ring 30. 

The back surface of ring 30 is enclosed with a sheet of 
material 44, such as vinyl plastic, that is transparent to 
radio frequency energy, or material that is absorbent 
where necessary to control energy when the transmission 
coefficient will result in interference between incident and 
reflected energy. Material 44 is secured to the periphery 
of ring 30 to form, in conjunction with sample membrane 
12, an air chamber 50. A suitable seal may be provided 
by securing material 44 to ring 30 with an adhesive, or by 
utilizing a sealing gasket 45, bolted to ring 30, as illus- 
trated in FIGURE 5. 

Sample membrane 12 extends over the perimeter of 
pneumatic tube 34 and is secured to the back edge of 
channel member or rim 32. A suitable seal may be 
provided by utilizing sealing gasket 46, of a flexible ma- 
terial such as rubber, and clamping ring 47. A series of 
threaded lugs 48 and nuts 49, disposed around the pe- 
riphery of rim 32, bias clamping 47 towards rim 32 to 
provide a pressure seal. Alternately, sample membrane 
12 may be secured and sealed to rim 32 by suitable adhe- 
sive material. As a result, sample membrane 12 and 
material 44 form air chamber 50, essentially air tight. 

Variable and controllable air pressure is applied to 
air chamber 50 via flexible tubing 52, expanding sample 
membrane 12 so that it simulates air pressure in an inflat- 
ed reflector, such as a balloon, and produces a segment of 
a sphere representing the basic backscatter area of a spher- 
ical surface. The air pressure in chamber 50 may be 
supplied by pneumatic pump 53, with the pressure regu- 
lated and controlled by pressure regulator 54. Tubing 
52 is flexible and of sufficient length to allow sample mem- 
brane 12 to be rotated by turntable 38 through a desired 
are in both azimuth and elevation, and to allow sample 
membrane 12 to be rotated about axis 23 for orientation 
of the reflecting surface thereof with respect to the polar- 
ization of an incident wave. In instances where sample 
membrane 12 is to be rotated through a 360" azimuth, 
pump 53 and regulator 54 may be located in turntable 38 
and adapted to turn therewith, and a rotary joint may be 
provided to allow rotation of sample membrane 12 about 
axis 23. 

The support structure for sample membrane 12 shown 
in FIGURES 3 and 4 may also include receiving horn 
56 and reference target 58. Receiving horn 56 is posi- 
tioned behind central portion 12n of the sample membrane 
by a section of wave guide 57, and is adapted to receive 
energy propagated through sample membrane 12 and sup- 
ply it to suitable receiving and detection apparatus (not 
shown) positioned in turntable 38. This allows the trans- 
mission coefficient of sample membrane 12 to be deter- 
mined concurrently with backscatter measurements. Ref- 
erence target 58 is a metallic plate of a known area and 
may be utilized to provide a reflection surface of known 
characteristics for calibration of radar test system 14. Ab- 
sorbent material 59 may be placed between reference tar- 
get 58 and turntable 38 to minimize background reflec- 
tions. 

As an illustration of a practical application of the meth- 
od and apparatus described, assume backscatter measure- 
ments are to be made for a 135 feet diameter balloon 
(such as the Echo I1 satellite) at a frequency of 1,000 
mcs. Thus R is 67.5 feet and k is 1 foot and the chordal 
diameter D is 11.5 feet. Sample membrane 12, equivalent 
to a spherical segment of approximately 22 feet in diam- 

vides the basic backscatter area (center portion 12a in 
FIGURE 1) having an 11.5 feet chordal diameter, and 
allows sufficient peripheral area (intermediate portion 126 
in FIGURE 1) to provide the desired -10 db illumination 

5 taper at the edges of sample membrane 12. Control of 
the air pressure in the chamber 50 imparts a spherical 
contour to center portion 12a and intermediate portion 
126 of the sample membrane 12 to simulate the original 
balloon. The air pressure pneumatic tubing 30 also pro- 

10 vides a controlled transition at the periphery of sample 
membrane 12 (edge portion 12c), resulting in both a me- 
chanical and an electrical interface between the sample 
membrane 12 and its support structure that preserves the 
desired spherical contour over center portion 12a and 

15 intermediate portiorn 126, and minimizes fringing effects 
around edge portion 12c of sample membrane 12. It is 
to be understood that for a given configuration of reflec- 
tor under investigation the electrical contour for the tran- 
sition between sample membrane 12 and its support stmc- 

20 ture, as provided by edge portion 12c, to match the bound- 
ary conditions of current flow and minimize fringing 
effects may be readily calculated, and once calculated may 
be simulated and controlled by the pressure in pneumatic 
tubing 34. 

Thus with sample membrane 12 mounted as shown in 
FIGURES 3-5, and illuminated with radio frequency 
energy in the manner discussed in conjunction with FIG- 
URES 1 and 2, including monitoring and calibrating 
radar test unit 14 in accordance to known techniques, it 

30 is possible to determine the backscatter from a total bal- 
loon to be formed from the membrane under investiga- 
tion. Transmission characteristics may also be deter- 
mined from a test receiver in conjunction with horn 56. 
A number of samples of different material may be tested 

35 without fabricating a total balloon for each sample to 
greatly simplify the test procedure and reduce cost. For 
an example, a total balloon of the type described, having 
a surface area of 57,300 square feet, may be simulated 
for the purpose of backscatter and transmission evalua- 

40 tion by sample having a total surface area of less than 
500 square feet and having a basic area of approximately 
400 square feet. In addition, the contour of the sample 
under test may be modified to represent various distor- 
tions on the balloon by varying and controlling the air 

45 pressure in air chamber 50 and pneumatic tubing 34. 
The invention provides, therefore, a method and ap- 

paratus for determining the backscatter and transmission 
characteristics of large passive reflectors by illuminating 
a relatively small sample of the membrane from which 

60 the reflector is to be formed with electromagnetic energy, 
thus eliminating the necessity of performing tests on the 
total reflector. While a specific embodiment has been 
described with particularity for the purpose of explain- 
ing the invention, it is not to be so limited and modifica- 

55 tions and variations thereof should be obvious to those 
skilled in the art. For example, while the method and 
apparatus of the invention has been described in con- 
junction with a spherical reflector, the invention may 
find utility in conjunction with large reflecting surfaces 

60 of other shapes, such as reflectors having conical and 
lenticular surfaces. In addition, the method and appa- 
ratus of the invention may be utilized for the study of 
surface enhancement of radar returns from specular sur- 
faces, surface wave phenomena, multi-layer spherical lens 

65 systems, and curved surface antennas and ground planes. 
It is therefore to be understood that within the scope of 
the appended claims the invention may be practiced 
otherwise than specifically set forth. 

What is.claimed as new and desired to be secured by 
70 Letters Patent of the United States is: 

1. The method of determining the backscatter of an 
electromagnetic wave incident on a large reflecting sur- 
face, said reflecting surface being formed from an in- 

25 

flated membrane, with the dimensions of said reflecting 
eter, is mounted in the manner shown. This diameter pro- 75 surface being large with respect to the wavelength of said 
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electromagnetic wave. said method comnrising the stem including said backscatter area and said DeriDheral area 
of providing a sample of the membrane having a central 
area encompassing at least the first Fresnel Zone of elec- 
tromagnetic energy incident thereon, contouring the cen- 
tral area and the adjacent peripheral area of said sample 
of membrane to conform to a segment of said reflecting 
surface, illuminating the central area of said sample of 
membrane with an electromagnetic wave, said elwtro- 
magnetic wave being directed so that the periphery of 
said sample of membrane is underilluminated a specified 
amount with respect to said central area, and receiving 
reflections of said electromagnetic energy from said sam- 
ple segment of membrane, said reflections being indica- 
tive of the backscatter from the total reflective surface 
to be formed from said membrane. 

2. The method of determining the backscatter of an 
electromagnetic wave incident on a large reflecting sur- 
face, said reflecting surface being formed from an in- 
flated membrane, with the dimensions of said reflecting 
surface being large with respect to the wavelength of 
said electromagnetic wave, said method comprising the 
steps of providing an enclosed chamber having one major 
surface thereof formed from a sample of the membrane 
from which reflecting surface is to be formed, said sam- 
ple of membrane having a central area encompassing at 
least the first Fresnel Zone of electromagnetic energy 
incident thereon, inflating said enclosed chamber to con- 
tour the central area and adjacent periphery areas of 
said sample of membrane to conform to a segment of 
said reflecting surface, the outer peripheral edges of said 
sample of membrane being provided with an interface 
that minimizes fringing effects of an electromagnetic 
wave incident thereon, illuminating the centra1 area of 
said sample of membrane with an electromagnetic wave, 
said electromagnetic wave being directed so that adja- 
cent areas near the periphery of said sample of mem- 
brane are underilluminated a specified amount with re- 
spect to said central area, and receiving reflections of 
electromagnetic energy from said sample of membrane, 
said received reflections providing a measurement of back- 
scatter of the total reflecting surface to be formed from 
said membrane. 

3. The method of determining the radio frequency 
backscatter of a spherical passive reflector, said spherical 
reflector being formed from an inflated membrane, with 
the radius R of said spherical reflector being large with 
respect to the wavelength X of radio frequency energy 
incident thereon, said method comprising the steps of 
providing a sample of said membrane having a back- 
scatter area encompassing a segment of a sphere having 
a chordal diameter D=dm, said membrane sample 
further having a peripheral area surrounding said back- 
scatter area, contouring said membrane sample including 
said backscatter area and said peripheral area to conform 
to a segment of said spherical reflector, illuminating said 
backscatter area with radio frequency energy, said radio 
frequency energy being directed such that said peripheral 
area is underilluminated a specified amount with respect 
to said backscatter area, and receiving reflections from 
said backscatter area, said reflections indicative of the 
total backscatter from the spherical reflector to be formed 
from said membrane. 

4. The method of determining the radio frequency 
backscatter of a spherical passive reflector, said reflector 
being formed *from (an inflated membrane, with the radi- 
us R of said reflector being large with respect to the 
wavelength X of radio frequency energy incident thereon, 
said mefhod comprising the steps of providing an en- 
closed chamber having one major surface thereof formed 
from a sample of said membrane having a backscatter 
aRa encompassing a segment of a sphere having a chordal 
diameter D = = v ~ ,  said membrane sample further hav- 
ing a peripheral area surrounding said backscatter area, 
inflating said chamber to contour said membrane sample 

to conform to a segment of said sphere, withthe periph- 
eral edges of said membrane sample terminating with an 
interface that minimizes fringing effects of radio fre- 

6 quency energy incident thereon, illuminating said back- 
scatter area and said peripheral area with radio fre- 
quency energy, said radio frequency energy being di- 
rected such that said peripheral area is underilluminated 
a specified amount with respect to said backscatter area, 

10 and receiving reflections from said backscatter (area, said 
reflections being indicative of the total backscatter pro- 
viding by the spherical reflector to be formed from said 
membrane. 

5. The method of determining the backscatter and the 
15. transmission coefficient of a radio frequency wave inci- 

dent on a large reflecting surface, said reflecting surface 
being formed from an inflatable plastic membfane hav- 
ing an expandable metal mesh imbedded therein, with 
the dimensions of said reflecting surface being large with 

20 respect to the wavelength of said radio frequency wave, 
said method comprising the steps of providing an en- 
closed chamber having one major surface thereof formed 
from a sample of the membrane from which said re- 
flecting surface is to be formed, said sample of mem- 

25 brane having a central area encompassing a t  least the 
first Fresnel Zone of a radio frequency wave incident 
thereon, inflating said enclosed chamber to contour the 
central area and adjacent periphery areas of said sample 
of membrane to conform to a segment of said reflecting 

30 surface, the outer peripheral edges of said sample of 
membrane being provided with an interface that mini- 
mizes fringing effects of a radio 5requency wave incident 
thereon, illuminating the central area of said sample 
of membrane with a radio frequency wave, said radio 

33 frequency wave being directed so that adjacent areas 
near the periphery of said sample of membrane are 
underilluminated a specified amount with respect to said 
central area, receiving reflections of said radio frequency 
wave from said sample of membrane, said reflections pro- 

40 viding a measurement of the backscatter of a reflecting 
surface to be formed from said membrane and receiving 
transmissions of said radio frequency wave through said 
sample of membrane, said transmissions providing a 
measurement of the mansmission coefficient of a reflecting 

45 surface to ,be formed from said membrane. 
6.  The method of determining the backscatter of a ra- 

dio frequency wave incident on a large reflecting surface, 
said reflecting surface being formed from an inflatable 
membrane, with the dimensions of said reflecting surface 

50 being large with respect to the wavelength of said radio 
frequency wave, said method oomprising the steps of 
providing an enclosed chamber having one major sur- 
face thereof formed from a sample of the membrane 
from which said reflecting surface is to be formed, said 

55 sample of membrane having a central area encompassing 
at least the first Fresnel Zone of a radio frequency wave 
incident thereon, Mating said enclosed chamber to con- 
tour the central area and adjacent periphery areas of said 
sample of membrane to conform to a segment of said 

60 reflecting surface, the outer peripheral edges of said sam- 
ple of membrane being provided with an interface th- 
minimizes fringing effects of a Tadio frequency wave inci- 
dent thereon, illuminating the central area of said sam- 
ple of membrane with a radio frequency wave from trans- 

65 mitting means positioned at a first point with respect 
to said sample of membrane, said radio frequency wave 
being directed so that adjacent areas near the periphery 
of said sample of membrane are underilluminated a speci- 
fied amount with respect to said centra1 area, and receiv- 

70 ing reflections of said radio frequency wave from said 
sample of membrane at one or more other points with 
respect to said sample of membrane, said received re- 
flections providing a measurement of backscatter of the 
total reflecting Surface to be formed from said membrane. 

7. The method of determining the backscatter of a 75 
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radio frequency wave incident on a large reflecting sur- 
face, said reflecting surface being formed from an in- 
flatable plastic membrane having an expandable metal 
mesh imbedded therein, with the dimensions of said re- 
flecting surface being large with respect to the wavelength 
of said radio frequency wave, said method comprising 
the steps of providing an enclosed chamber having one 
major surface thereof formed from a sample of the mem- 
brane from which said reflecting sudace is to be formed, 
said sample of membrane having a central area en- 
compassing at least the first Fresnel Zone of a radio fre- 
quency wave incident thereon, inflating said enclosed 
chamber to contour the central area and adjacent periph- 
ery areas of said sample of membrane to conform to a 
segment of said reflecting surface, the outer peripheral 
edges of said sample ~f membrane being provided with 
an interface that minimizes fringing effects of a radio 
frequency wave incident thereon, illuminating the cen- 
tral area of said sample of membrane with a circularly 
polarized radio frequency wave, said radio frequency 
wave being directioned so that adjacent areas near the pe- 
riphery of said sample of membrane are underilluminated 
a specified amount with respect to said central area, and 
receiving reflections of said radio frequency wave from 
said sample of membrane, said reflections providing a 
measurement of the backscatter from the total reflective 
surface to be formed from said membrane. 

8. The method of determining the backscatter of a radio 
frequency wave incident on a large reflecting surface being 
formed from an expandable metal mesh imbedded therein, 
with the dimensions of said reflecting surface being large 
with respect to  the wavelength of said radio frequency 
wave, said method comprising the steps of providing an 
enclosed chamber having one major surface thereof formed 
from a sample of the membrane from which said reflect- 
ing surface is to be formed, said sample of membrane 
having a central area encompassing at least the first 
Fresnel Zone of a radio frequency wave incident thereon, 
inflating said enclosed chamber to contour the central 
area and adjacent periphery areas of said sample of mem- 
brane to conform to a segment of said reflecting surface, 
the outer peripheral edges of said sample of membrane 
being provided with an interdace that minimizes fringing 
effects of a radio frequency wave inddent thereon, il- 
luminating the central area of said sample of membrane 
with a linearly polarized radio frequency wave, said radio 
frequency wave being directioned so that adjacent areas 
near the periphery of said sample of membrane are under- 
illuminated a specified amount with respect to said central 
area, orienting the metal mesh imbedded in said sample 
of membrane in a plane parallel to the wave front of said 
linearly polarized radio frequency wave. and receiving 
reflections of said linearly polarized radio frequency wave 
from sample of membrane, said reflections providing a 
measurement of the backscatter from the total reflective 
surface to be formed from said membrane for a given 
orientation of the wire mesh imbedded therein with respect 
to the wave front of a linearly polarized wave. 

9. In apparatus for determining the radio frequency 
backscatter of an inflated passive reflector, a rigid annular 
member, a flexible ring positioned around the perimeter 
of said annular member, a sample of membrane of reflec- 
tive material from which said passive reflector is to be 
formed, said sample of membrane having a backscatter 
area and a peripheral area, mounting means for position- 
ing said sample of membrane over one major surface of 
said annular member and around the perimeter of said 
flexible ring, a second membrane non-reflective to radio 
frequency energy enclosing the other major surface of 
said annular member. said sample of membrane and said 
second membrane being joined by said mounting means 
to form a closed pneumatic chamber, and means for main- 
taining pressure in said pneumatic chamber such that the 
backscatter area and the peripheral area of said sample 
of membrane provides a contour simulating a segment of 

IO 
the passive reflector to be formed from the reflective 
material. 

10. The apparatus defined in claim 9 and wherein said 
flexible ring is a pneumatic tube, with the pressure therein 

5 providing controllable mechanical biasing and selected 
electrical boundary conditions for the contour of said 
sample of membrane at its peripherial edges. 
11. In apparatus for determining the radio frequency 

backscatter of an inflated passive reflector, an annular 
10 member, a flexible r h g  positioned around the perimeter 

of said annular member, support means for said annular 
member, said support means being adapted to rotate said 
annular member in azimuth and elevation, a sample of 
membrane from which said passive reflector is to be 

15 formed. said sample of membrane having a backscatter 
area and a peripheral area, means for mounting said sam- 
ple of membrane over one major surface of said flexible 
ring, a second membrane non-reflective to radio frequency 
energy enclosing the other major surface of said annular 

20 member, said sample of membrane and said second mem- 
brane forming a pneumatic chamber, means for rotating 
said annular member about an axis normal to the center 
of said sample of membrane mounted thereon, and means 
for maintaining pressure in said pneumatic chamber such 

25 that the backscatter area and the peripheral area of said 
sample of membrane provides a contour simulating a 
segment of said passive reflector. 

12. In lapparatus for determining the radio frequency 
backscatter from a sample of membrane from which an 

30 inflated spherical passive reflector Is to  be formed, with 
the radius R of said spherical reflector being large with 
respect to the wavelength x of a radio frequency wave 
incident thereon, an annular member having a diameter 
D greater than qm, means for mounting said sample 

35 of membrane over one major surface of said annular mem- 
ber, a second membrane non-reflective to electromagnetic 
energy enclosing the other major surface of said hannular 
member, said sample of membrane and said second mem- 
brane forming a pneumatic chamber, and means for main- 

40 taining pressure in said pneumatic chamber such that said 
sample of membrane provides a contour simulating a 
segment of a sphere. 
13. In apparatus for determining the radio frequency 

backscatter of an inflated spherical passive reflector, said 
45 spherical reflector being formed from a thin flexible mem- 

brane, with the radius R of said spherical reflector being 
large with respect to  the wavelength of a radio frequency 
wave incident thereon, an annular member having a di- 
ameter D greater than d%R a flexible ring posibioned 

50 around the perimeter of said annular member, a sample 
of membrane from which said reflector is to be formed, 
said sample of membrane having a backscatter area of 
a diameter equal to 1/= and also a peripheral area, 

55 means for mounting said sample of membrane over one 
major surface of said annular member and over the pe- 
rimeter of said flexible ring, a second membrane non- 
reflect,ive to radio frequency energy enclosing the other 
major surface of said annular member, said sample of 

oo membrane and said second membrane forming a pneu- 
matic chamber, and means for maintaining pressure in 
said pneumatic chamber such that the backscatter area 
and the peripherial area of said sample of membrane 
provides a contour simulating a segment of a sphere. 
14. The apparatus defined in claim 13 and wherein said 

flexible ring is a pneumatic tube, with the pressure therein 
providing controllable mechanical biasing and selected 
electrical boundary conditions for the contour of said 
sample of membrane at its peripherial edges. 
15. In apparatus for determining the radio frequency 

backscatter of an inflated spherical passive reflector, said 
spherical reflector being formed from a thin flexible mem- 
brane, with the radius R of said spherical reflector being 
large with respect to the wavelength X of a radio frequency 

75 wave incident thereon, an annular member having a di- 

65 
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3,289,205 
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ameter D greater than 42- a flexible ring positioned 
around the perimeter of said annular member, support 
means for said annular member, said support means being 3,025,463 3/1962 L~~~~ _ _ _ _ _  _ _  343-18 
adapted to rotate said annular member in azimuth and 3,081,432 3/1963 ~~l~~~ _ _  325--67 
elevation, a sample of membrane having a backscatter 3,130,406 5/1964 Jones-Hinton _ _ _ _ _ _ _ _ _  343-18 

OTHER REFERENCES area of a dfiameter equal to d2% and also a periphenal 
area, means for mounting said sample of membrane over 
one major surface of said annular member and over the Emerson, W. H.: Broadband Absorbing Materials, in 
perimeter of said flexible ring, a second membrane non. Tele-Tech and Electrical Industries, page 74, November 
reflective to radio frequency energy enclosing the othet lo 1955. 
major surface of said annular member, said sample of Newman, D. 3.: Radiation Absorbers, in Electronics 
membrane and said second membrane forming a pneu. 
matic chamber, means for rotating said annular member 
about an axis normal to the center of said sample of 15 2.552,489 5/1951 L ~ ~ ~ ~ ~ .  
membrane mounted thereon, and means for matintaining 3,03 1,928 5/1962 Kopito. 
pressure in said pneumatic chamber such that the back- 3,144,910 12/1963 R ~ ~ ~ ~ .  
scatter area and the peripheral area of said sample of 
membrane provides a contour simulating a segment of 
a sphere. 
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